Gaming technology -exergaming -is a novel tool to facilitate exercise, improve balance, and encourage rehabilitation training. This review will describe some of the key exergame research to promote physical activity and its use in rehabilitation in other diseases or clinical populations. We will then describe the current state of research in exergaming in people with multiple sclerosis and describe the theories for the mechanism behind some of the improvements in outcomes seen after using exergaming. Lastly, we will identify gaps in the literature and provide directions for future work in this growing area. The current work is contradictory and there is no consensus with regards to training duration/intensity and the outcomes used to assess the clinical effectiveness. This in part is due to the off-the-shelf nature of the games used. A more satisfactory approach would be the development of bespoke games which match a clinical need. Exergames are seen as enjoyable and could be effective in enhancing adherence to rehabilitation. However, the definitive RCT has yet to be carried out comparing exergaming to traditional exercise.
Introduction
A novel tool to facilitate exercise, improve balance, and encourage training is computer video gaming, commonly coined "exergaming." Exergaming systems are often off-the-shelf platforms such as Nintendo Wii (Wii) and Xbox Kinect (Kinect) and a recent review article highlighted the growing use of "exergaming" in rehabilitation. 1 This was mainly because of the relative affordability (Wii and balance board approximately £300/€382/$476; Kinect approximately £330/€420/$525 -November 2014), availability, and ease of use of commercial off-the-shelf computer game consoles which can be located in clinic ( Figure  1 ) and/or a person's home making "training" more convenient and enjoyable. 1 It may also be feasible to track rehabilitation at home (for specifically designed gaming programs) via the internet so that therapists can see if the patient is performing exercises correctly and alter the duration/intensity of training. 2 Both the Wii and the Kinect use body motion to control game play. The Wii uses handheld controllers and a balance board which translate the movement of the player on to the screen (Figure 2(a) ). The Wii-Fit Plus games (Figure 3 ), which come as standard with the Wii, are the most commonly used games in the clinic and in exergaming research. 1 The Kinect uses cameras and depth sensors (Figure 2(b) ) to translate body movement onto the game and does not require hand held controllers or a balance board. This allows users with impaired dexterity to have access, participate, and benefit from exergames. 1 The Kinect offers the capability for bespoke software so that the games fit a clinical need, but because it is a newer platform compared to the Wii there is a paucity of research using the Kinect.
Exergaming research has focused mainly on rehabilitation and promotion of physical activity. In rehabilitation, exergaming has been used as a tool to improve balance and functional movement in a variety of populations. [3] [4] [5] [6] [7] [8] One of the main reasons for employing video games is the ability to increase motivation and produce a distraction (Figure 3 ) from mundane and boring training and/or painful treatments. 9 It is interesting to note that when an earlier review of exergaming was published there were no studies carried out in people with multiple sclerosis (PwMS), 1 even though it is possible that the reported benefits of exergaming in balance and mobility in other populations will have a positive impact on PwMS. [3] [4] [5] [6] [7] [8] This review will describe some of the key exergame research to promote physical activity and its use in rehabilitation in other diseases or clinical populations. We will then describe the current state of research in exergaming in PwMS and describe the theories for the mechanism behind some of the improvements in outcomes seen after using exergaming. Lastly, we will identify gaps in the literature and provide directions for future work in this growing area.
Physical activity and exergaming
The promotion of physical activity using exergaming has largely focused on children/adolescents in an attempt to combat sedentary behavior and fight obesity. Playing exergames significantly increases heart rate (HR), VO 2 , and energy expenditure (EE) compared to sedentary behavior and there is little difference compared to traditional moderate-intensity physical activities. 10 Evidence suggests that PwMS do not engage in sufficient amounts of physical activity, 11 with only about 20% of PwMS meeting the recommended levels of moderate-vigorous daily activity compared to 40% in healthy controls. 12 Physical activity need not mean structured exercise; in fact an accumulation of 30 min physical activity during daily life is as beneficial, and perhaps more achievable, than structured exercise. 13 In his recent review, Motl stated that it was time to embrace lifestyle physical activity (PA) and test interventions which may facilitate this. 13 The use of technology may be one such tool which allows exercise to be incorporated into daily routines within an individual's home. The internet and video chats (which are distinct from exergaming) have been used, with success, as a means of offering advice and support to PwMS to increase PA. 14 Exergaming, combined with the advice/ support/feedback offered via the internet studies, 14 could become a powerful tool to encourage PA in PwMS. However, the amount of PA or energy expended needed to meet moderate-vigorous levels of PA by PwMS when playing exergames is as yet unknown. In stroke patients the EE of playing exergames is sufficient, according to ACSM guidelines (3-6 metabolic equivalents (METS)), 15 to improve and meet health benefits. 6, 16 Therefore it is possible to either play a number of games over 30 min to achieve the recommended activity levels (30 min, 5 days per week) or incorporate 10 min of exergaming into a package of daily activities. The METS for all Wii Fit Plus and Wii Sports games range from 1.3 to 5.6, 17 suggesting not all games meet the ACSM recommendations.
The neuromuscular impairment (weakness and impaired balance) due to stroke compromises game play and as such the EE of playing exergames compared to healthy controls was significantly reduced. 16 It is possible that a similar response would be seen when comparing the energy expended for PwMS compared to healthy controls. Defining aerobic intensity may not be appropriate for those with chronic conditions and therefore intensity should be measured using ratings of perceived exertion (RPE). 15 The target intensity for PwMS to achieve, in the absence of symptoms, is an RPE score of 11-14. 15 The RPE of playing exergames depends on the games played and the population tested. For example, in healthy young adults the RPE for Wii "Hula Hula" were in the range 8-9 and for Wii "Aerobic Step" were [8] [9] [10] [11] 18 whereas in adults aged 25-75 years who had had a stroke, the RPE value for Wii "Penguin Balance" game was 11 and for "Wii Boxing" it was 13. 16 Not all players will be able to stand and play these games. Playing exergames when seated expends significantly lower energy than standing, 16 and has been described as low intensity. 19 However, any form of EE greater than rest will have health benefits, 20 and the low intensity activity associated with seated exergames can be an important addition to increase the overall daily EE.
Exergaming research from other diseases/ clinical populations
The use of exergaming as a training tool is a growing field of research. A simple Pubmed search (October 2014) with the terms "exergaming" OR "exergames" OR "Nintendo Wii" resulted in 375 articles. Only a few of these were randomized control trials (RCTs) with most of these studies using exergaming with stroke patients. The findings from these studies were inconclusive with either a greater improvement or no difference in outcomes following exergame training. [21] [22] [23] This is partly due to the wide range of duration/intensities and games used in these designs, and a lack of consensus on the outcome measures. The designs of these studies are however quite robust in that a) they compare an exergaming intervention to another intervention and b) the exergaming intervention is as an adjunct to a conventional training program. This is an approach MS studies should follow.
The current state of exergaming research in PwMS
The effectiveness of exergaming in PwMS is contradictory. There are a mix of study designs (Table 1) ranging from case study to RCT; [24] [25] [26] [27] [28] there is no consensus about the (a) outcome measures, (b) the duration/frequency of training sessions (training sessions have lasted from 1 day up to a proposed 12 months), 29, 30 and (c) the types of game played on these platformsall familiar issues in exergaming research. The one common factor between all the studies reported here is the use of commercially available games, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] i.e. not games which are specific to the needs of PwMS.
An attractive application of exergaming is that it can be used in the home, making rehabilitation more convenient. Using the Wii in home-based training can prevent falls in PwMS (Table 1) , 28, 31 but only Prosperini et al. reported that after training had ceased were the improvements in standing balance maintained. 28 Even though these improvements are encouraging, Wii training at home appears to have a smaller effect than other balance rehabilitation approaches. [36] [37] [38] [39] [40] The 
3.Single-task (ST) exercises.
All on the unstable platform.
Pre and post testing. Combination of single and dual tasks Six static balance tests: Standing as still as possible for 10 s) on a force plate. Romberg stance (once with eyes open, once with eyes closed) and 1-leg stance (preferred leg, nonpreferred leg, preferred leg with eyes closed, preferred leg with the additional task of typing a given random number sequence into a mobile phone).
Four balance tests on an unstable surface: 1, stand on both legs without an additional task, 2, stand on their preferred leg without an additional task, 3, stand on both legs with the additional destabilizing task of performing a Wii golf pitch with a defined amplitude, and, 4, stand on their preferred leg with the additional golf pitch task.
Two gait analyses: 1, normal walking in a 10-m Optogait corridor and, 2, walking while having to answer questions (e.g. "How many surfaces does a cube have?").
Results
All 3 groups showed significantly improved balance and gait scores. Only the exergame training group showed significantly higher improvements in the dual task condition of the gait test than in the single task condition. Adherence Adherence to home-based balance training differed significantly between groups (highest adherence in the exergame training group). impact of home training may be linked to the duration of the training intervention, which for these studies was relatively short. Thomas et al. have proposed to investigate the feasibility of conducting a multi-center RCT assessing the clinical effectiveness of a homebased physiotherapy supported Wii intervention over 6-12 months. 30 We will wait and see if a longer duration of training is feasible. But, it is not clear if a full RCT leading from this feasibility study will compare traditional exercise to Wii based exercise.
A more clinically based Wii game (Physiofun Balance Training), yet one which has not been reported in the literature since, resulted in a significant improvement in the Berg Balance Scale compared to a non-exercising group (Table 1) . 27 This contradicts Nilsagård et al., 25 who showed no difference between Wii and nonexercising groups and it is possible that the Physiofun Balance Training games may have been more challenging than the Wii-Fit games -especially for PwMS with an Expanded Disability Status Scale (EDSS) of 3 and below. This does suggest that more bespoke/challenging games than those commonly used would be more effective.
The studies which have compared traditional exercise to exergaming have either shown greater improvements, 26 or comparable outcomes but greater adherence (Table 1) , 34 which suggests that exergames may be beneficial for long-term rehabilitation. Unlike traditional exercise a common complainant about 'offthe-shelf' exergaming is the inability to alter the training intensity. Kramer et al. addressed this in a novel way by combining Wii exergames with an unstable platform (Posturomed) and compared this to a Posturomed-only training group and conventional training only group. 34 Both single and dual task balance and gait were tested before and after the 3-weeks training. Since multitasking while walking has been identified as a situation with a particular high falls risk, 41-43 the inclusion of dual task measures is an important one. The results showed that exergaming with the added stimuli of an unstable platform were just as effective (especially for dual task outcomes) as the conventional or Posturomed only training.
Participant's experience of exergaming
The majority of exergaming research focuses on improving function but overlooks the users' experience of exergaming. Plow and Finlayson and Forsberg et al. looked at the experiences of using the Wii from the perspective of PwMS and physiotherapists. 33, 35 The views from the participants were mixed. The Wii was reported as being an effective tool to build confidence in abilities, achieve goals related to engagement with leisure activities, and remove some of the barriers associated with traditional gym exercise. The participants felt that the Wii also gave the opportunity to exercise with their children and grandchildren. However, it was also pertinent to note that the participants and physiotherapists felt that the standard feedback generated from the Wii at the end of each game (i.e. "unbalanced"), 33, 35 which are targeted at healthy individuals using it for entertainment, was not helpful and it reminded participants of their impairments which did not aid motivation. Limitations to the Wii's usability mainly focused around the games (Wii Fit and Wii Sports) and hardware. The balance board was seen as a trip hazard by a number of participants and the physiotherapists felt that inability to customize the games to the individual and that the Wii and balance board exercises were mainly static balance exercises limited the effectiveness of the Wii. 33, 35 Proposed mechanism for improvements Understanding the mechanism by which exergames may be effective is essential for improving usability and the development of new exergames. 44 Evidence suggests that EE whilst playing exergames is sufficient to meet the recommended guidelines of PA and therefore a mechanism for improvement in outcomes and, maybe, an increase in fitness. However, the EE of an exergaming falls prevention training session compared to traditional falls prevention exercises was approximately a third less. 45, 46 This suggests that the gains of improved functional outcomes were independent of gaining fitness and as such the Wii might still be an appropriate tool for frailer individuals where gains in fitness maybe unrealistic. The proposed mechanism for the improvements in balance seen in some of the studies cited in Table 1 was the constant feedback between weight shifting on the Wii balance board and the visual display on the screen. This may have enhanced the coupling between perception and action thus helping to retrain sensory strategies to help improve static and dynamic balance. 47, 48 Furthermore, watching one's own movement, via an avatar, while executing an action could facilitate motor learning in neurorehabilitation. 49, 50 However, the Wii-based avatars used in the exergaming studies in PwMS are usually "cartoon" representations of the human. Therefore if this is a mechanism by which improvements are brought about remains to be seen -but it is likely that using the Kinect with bespoke games for PwMS where a human form is seen while playing the games would be a more appropriate avatar.
Functional near-infrared spectroscopy and magnetic resonance imaging have been used to record brain activity while playing exergaming and to record changes in cerebellar connections after a 12-week exergaming training programme. 51, 52 Karim et al. showed that playing exergames resulted in a robust hyperemic response in the superior temporal gryus and supramarginal gyrus, 51 indicating that these areas were important for balance. Furthermore, the duration of this response after cessation was prolonged (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) s longer than what would be expected), suggesting an adaptation of the vestibular network in response to the balance task. After 12-weeks of Wii balance training, Prosperini et al. showed an improvement in balance, 52 suggesting a functional restoration (i.e. activitydependent myelo-modulation in partially damaged pathways) of myelin sheaths on demyelinated axons. This suggests that task orientated exercises, such as exergaming, could have favorable microstructural changes to the brains of PwMS. 52 These changes however did not persist after training had ceased.
Future directions for exergaming research in PwMS
Off-the-shelf exergames are a convenient and relatively cheap means of promoting rehabilitation and PA in the home and clinic. However, the effectiveness of exergaming in PwMS is inconclusive -the definitive RCT has yet to be carried out. This inconclusiveness is in part due to the nature of the exergames currently used -they are primarily a means of entertainment and not a clinical intervention tool. Exergaming may be more enjoyable than other forms of activity, 45 but in order to maximize the benefits of PA, exergaming would need to be used over longer periods than currently reported in the literature, and because of this it is very likely that the novelty would wear-off. 31 Exergames are not a "magic pill" or panacea for all rehabilitative needs, 3,31 but they do have their place as an adjunct to traditional therapy/exercise and in order to exploit this potential bespoke exergames need to be developed using a multi-disciplinary approach. Bespoke exergames offer the ability to alter the game and to meet the needs of the individual. Developing exergames which require the player to execute multiple complex tasks in random order will facilitate effective motor learning and neuroplasticity through contextual interference, 53 leading to greater improvements compared to "standard" exergames. The EE of playing current exergames in PwMS is not yet known -do these games meet the recommended intensity guidelines for them to be used as an effective intervention tool? This question would also need to be answered for new bespoke exergames.
When designing new exergames it is of vital importance to get input from the end user (the patient/clinician etc.) to help determine why a particular exergame will encourage greater adherence compared to another. The negative experiences of using the Wii can be addressed, 33, 35 in part, by using the Kinect which uses cameras to track movement therefore the participant does not need to hold a controller or stand on a balance board. Conventional treatment usually requires attendance to an outpatient's clinic/center, which may place an extra burden upon the patient. The use of exergaming in the home has a possibility to negate this. The studies that used the Wii as a home intervention relied mainly on telephone contact and log books to track training, 28, 30, 31 whereas in our opinion, the Kinect is likely to offer the possibility of not only providing the patient with the convenience of choosing their training time but a therapist can also give feedback/alter training via an internet connection. Ortiz-Gutiérrez et al. reported that the Kinect (with conventional off-the-shelf-games), 32 as part of a tele-rehabilitation program, improved the balance and postural control of PwMS. However, this study did not report feedback from the participants about their experience with the tele-rehabilitation process and the convenience of home training does need to be weighed against the potential loss/reduction in social contact which group training offers. An alternative approach to explore would be using virtual groups, moderated by a physiotherapist. This would offer the camaraderie of group training (because all participants would be seen on screen) with the privacy of home training.
Conclusion
The current work in this field is contradictory and there is no consensus with regards to training duration/intensity and the outcomes used to assess the clinical effectiveness of an exergaming intervention. Furthermore, the definitive RCT has yet to be carried out comparing exergaming to traditional exercise. A number of the studies do suggest that exergames are enjoyable and could be effective in enhancing adherence to rehabilitation. Even though the advantage of using the Wii as a rehabilitation tool appears to be its ease of use and entertainment value, it must be remembered that it is a game. Therefore, it is not a tool which is designed for a specific rehabilitation need. The Kinect allows software to be developed which can be bespoke toward a specific clinical population which may offer the user and the rehabilitation specialist greater scope to improve outcomes. Despite the lack of quality evidence at present, we believe that shortcomings in the way this technology has been used and researched to date can be overcome, allowing it to become a routine part of the repertoire of rehabilitation strategies for PwMS.
